Abstract
Introduction
Smoking is the main risk factor for most of the leading causes of death. [1] Every year about 1.6 million Europeans die because of smoking, making Europe the region with the greatest proportion of deaths (16%) attributable to tobacco worldwide. [2] Tobacco smoking is also a financial burden on European healthcare systems and economies. [3] In developed countries, smoking has been associated with a loss of at least a decade of life. [4] However cessation, especially before the age of 40 years, can dramatically reduce the risk of death and significantly improve quality of life. [4] It is therefore critical to encourage all current smokers to quit in order to reduce the burden of smoking-related diseases and mortality. [2, 3] European countries have introduced various tobacco control policies (e.g. increased taxation of tobacco products, no-smoking areas, advertising bans, graphic pack warnings, and smoking cessation programs) over recent decades. Despite a general decrease in tobacco consumption and the prevalence of smoking, still more than one in four of the European population over the age of 14 years is an active smoker. [5] Variations in smoking prevalence are determined by variations in the rates of initiation, cessation and relapse. For this reason, monitoring trends in these rates is fundamental for evaluating current tobacco control policies and for planning future strategies that can effectively tackle the tobacco epidemic. [2] Nonetheless, there is an extreme paucity of studies on smoking cessation in the general European population.
With the aim of better informing public health policy makers about decisions on future tobacco control strategies, we estimated age trends in smoking cessation in Europe for the three decades between 1980 and 2010. The present analysis compliments our previous report on smoking initiation in Europe [6] . design, data collection and analysis, decision to publish, or preparation of the manuscript. The corresponding author had full access to all the data and had final responsibility for the decision to submit for publication. 
Methods

Study design and population
We analysed data obtained from six multicentre studies on random samples of the general adult population carried out in Europe between 1991 and 2013, which became part of the Ageing Lungs in European Cohorts (ALEC) consortium (www.alecstudy.org).
The Global Allergy and Asthma Network of Excellence (GA 2 LEN, www.ga2len.net) is an international cross-sectional study that was carried out on people aged 15-75 years between 2007 and 2009. [7] The Italian Study on Asthma in Young Adults (ISAYA) is a postal cohort study on subjects aged 20-44 at enrolment in 1998-2000, who were followed up in 2008-2009. [8] The Genes Environmental Interaction in Respiratory Diseases (GEIRD, www.geird.org) is a cross-sectional study carried out in Italy between 2005 and 2010. [9] The European Community Respiratory Health Survey (ECRHS, www.ecrhs.org) is an international cohort study performed on subjects aged 20-44 years at enrolment in 1991-1994. [10] In ECRHS I, random samples of subjects participating in a postal screening (stage 1) took part in a clinical interview (stage 2), where they reported information on smoking habits for the first time. The cohort of participants in stage 2 (labelled "ECRHS clinical" throughout the manuscript) was reassessed at two independent examinations during 1999-2002 in ECRHS II, [11] and during 2010-2013 in ECRHS III. The analyses were performed on data pooled from the six studies. Subjects who had participated in more than one study or occasion were only considered once. The distribution of subjects by sample (i.e. the original centre and study where the subjects were surveyed) is shown in S1 Table. Overall, 73 samples from 53 centres in 17 countries were included, while four samples with a low participation rate (below 25%) were discarded. The samples were grouped into four regions, according to the United Nations geoscheme and tobacco epidemiology: [16] South Europe (Italy, Portugal, Spain), West Europe (Belgium, France, Germany, the Netherlands, Switzerland), North Europe (Denmark, Finland, Iceland, Norway, Sweden, United Kingdom), and East Europe (Estonia, Macedonia, Poland).
Data on smoking
The smoking history of each subject was reconstructed retrospectively using data from postal questionnaires for all studies, in addition to data from clinical interviews for ECRHS.[ Table 1 ] In all studies, with the exception of RHINE (where the subjects qualified themselves as "smokers" or "ex-smokers"), smoking was defined as active smoking for as long as a year (regular smoking). Life-long never smokers were excluded from the analyses. A smoker who reported not to have smoked at all in the last month was considered an ex-smoker. Age at initiation was based on the question "How old were you when you started smoking?" for all the studies. Questions on age at cessation referred to the time of stopping or the last time smoking, with a slightly different wording across studies.[ Table 1 ] For subjects with follow-up data (ECRHS clinical, ECRHS-Italy, ISAYA), the first information available was chosen for defining age at initiation, while age at cessation was based on the last information available.
Statistical analysis
Rates of smoking cessation (per 1,000/year) were calculated as the ratio between the number of incident quitters and the total time at risk, which was defined as years from initiation to cessation for quitters, or from initiation to the last survey available for active smokers. To avoid data sparseness, time at risk was left-censored at age 16 years and at 1980, and right-censored at age 60 years and at 2010.
All the analyses were stratified by sex, region, and period (1980-1989, 1990-1999, 2000-2010) . Crude rates were calculated for two age groups: 16-40 and 41-60 years. In the main analyses, age-specific trends of smoking cessation rates (with 95% confidence intervals) were estimated using two-level mixed-effects models (with subjects nested into samples), with a negative binomial outcome distribution, a logarithmic link function and an offset for log(person-years). Period was included as a linear term to adjust for possible time trends of cessation rates within each decade. Age was modelled using natural smoothed polynomial lines (splines), and the number of knots (four and five for males and females, respectively) was chosen based on model fit using the Bayesian information criterion.
As the risk of relapse is high in the first year after quitting, while it drastically drops afterwards, [17] we performed a sensitivity analysis defining smoking cessation as having quitted smoking for at least two years (with person-years re-calculated accordingly), in order to exclude subjects who might have quit smoking just for a brief time before the survey.
Finally, to evaluate whether subjects who started smoking in early adolescence had a different attitude toward smoking cessation compared to those who started later, the main models were fitted including a binary indicator for age at initiation (10-15 vs. �16 years) as a predictor variable. In this analysis, since we found no evidence of interaction between age at initiation and period, the three decades were combined to increase the statistical power.
The statistical analyses were performed using STATA 14.2 (StataCorp, College Station, TX).
Ethics approval and consent to participate
Ethical approval was not requested for this secondary analysis of pooled data from previous studies. In each of the original studies, ethical approval was obtained for each centre from the appropriate ethics committee. All procedures have conformed to the principles embodied in LEN, ISAYA and GEIRD, only data from postal questionnaires were used, which were voluntarily sent back giving consent to use the anonymized data.
Results
A total of 50,228 ever smokers with complete information on sex, year of birth, age at smoking initiation and, if applicable, age at cessation were included in the analysis.[S1 Fig and S1 Table] The distribution of the participants by study and year is shown in S2 Fig. GA 2 LEN was the study that contributed the highest number of subjects (n = 22,100). Overall, 14.0% (n = 7,058) of the subjects had follow-up data.
Females represented about half of the sample, and the median age at the last interview ranged from 38 to 50 years for subjects from South and North Europe, respectively. Overall, 43.3% (n = 21,735) of the subjects quit smoking over a total time-at-risk of 803,031 personyears. The proportion of quitters was highest in North Europe (56.0%) compared to other European regions (range: 34.1% to 37.9%).[ Table 2 ]
Trends in smoking cessation
In the 2000s, the crude cessation rates for males and females combined were highest in North Europe (49.9 per 1,000/year) compared to the other regions (range: 26.5-32.7 per 1,000/year). For males and females aged less than 40 years, cessation rates were considerably higher in the 2000s compared to the preceding two decades in all the four regions. This was especially evident in North Europe, where the cessation rates doubled, from 24 per 1,000/year in the 1980s to 53 per 1,000/year in the 2000s. On the other hand, cessation rates after the age of 40 were similar across successive periods, with the exception of North Europe where the rates doubled, from 23 per 1,000/year in the 1980s to 47 per 1,000/year in the 2000s.
Consistent results were found when looking separately at males and females.[ Table 3 ] Fig 1 shows the smoothed age-trends in smoking cessation by sex, region, and period. [Fig  1] We observed a peak in smoking cessation around the age of 30, which was particularly evident in the 2000s. This peak was quite blunted in men, while it was very sharp in women and corresponded to an age of 31 years in South Europe, 28 years in West and North Europe, and 26 years in East Europe. From the age of 40 onwards, the smoking cessation rates increased gradually in males and females from all regions.
Smoking cessation according to age at initiation
Except for males from South Europe, where the incidence rate ratio (IRR) for later age at initiation was below 1 and not statistically significant (IRR 0.97, 95%CI: 0.90-1.04), the likelihood of quitting was higher for both men and women who started smoking at 16 years or later compared to those who started earlier, with IRRs ranging from 1.05 (95%CI: 0.88-1.24) in East European males to 1.14 (95%CI: 1.07-1.21) in North European males. [Fig 2] 
Probability of smoking relapse after quitting
Among ex-smokers, the median duration of abstinence from smoking reported at the time of the interview was 10 years (25 th -75 th percentiles: 4-18), and over 90% had quit for at least 2 years. The risk of relapse was estimated using subjects with follow-up data.[S2 Table] Overall, 12.2% of those who were ex-smokers at the baseline examination reported to be active smokers at the last follow-up (average follow-up time: 16.5 years). The proportion of subjects relapsing was significantly greater in those who had quit smoking for less than 2 years at baseline (nearly 30%) compared to those who had quit smoking for at least 2 years (less than 10%) (p<0.001).
Discussion
We retrospectively investigated trends in smoking cessation across three decades from 1980 to 2010, using representative samples of the general population from 17 European countries.
The main results of our analyses are the following:
• rates of smoking cessation were higher in North Europe than in West, South, and East Europe; • smoking cessation has been steadily increasing between the 1980s and the 2000s among smokers aged under 40 years across Europe; among older people, this was observed only for North Europe;
• smoking cessation rates peak around the age of 30 in women;
• quitting was less likely for subjects who took up smoking before the age of 16 compared to people starting later.
Time trends in smoking cessation across European regions
We showed that the rate of smoking cessation was 49.9 per 1,000/year in North Europe (United Kingdom and Scandinavian countries) in 2000-2010, which is about 60% higher compared to the other regions. Cessation rates for North Europe confirm the rates recently reported from RHINE, which is one of the cohorts included in this study, [18] while we are not aware of studies reporting cessation rates for the other regions.
We found that the rates of cessation have been increasing in North Europe since the end of the last century, while in the rest of Europe they have started to grow only after the year 2000. Moreover, in North Europe, the increasing trends in smoking cessation involved both young (16-40 years) and older (41-60 years) adults, while in the rest of Europe they were restricted to young adults. These results compliment a previous report on smoking initiation using data from the same studies, where we observed lower rates of uptake of regular smoking in North Europe compared to the other regions. [6] Overall, the geographical pattern in smoking cessation described in our study is consistent with the pattern in smoking prevalence across European countries reported by others [4, 19, 20] . These data testify to the better implementation of effective tobacco control policies in countries of North Europe. [21] Of note, the higher attained education and wealth per-capita in North Europe might also have contributed to boost tobacco control strategies, as preventative measures are more effective among higher socioeconomic groups. [22] Age trends in smoking cessation in males and females
We found that the rates of smoking cessation were broadly similar in men and women within the same European region in the 2000s, but there was a remarkable gender difference in age trends. In fact, while the cessation rates were similar in young and older men, women aged less than 40 years had significantly higher rates than older women. These findings are in agreement with another study on population data from USA, Canada, and UK, which showed that women were more likely to have given up smoking than men before their fifties, and vice-versa after the age of 50. [23] We also found a sharp peak of cessation around the age of 30 in women from all regions, which was especially evident in the 2000s. The peak slightly shifted at different ages according to the region, matching well with mothers' mean age at first child that ranges from 26-27 years in East Europe to 30-31 years in South Europe. [24] This suggests that pregnancy is the primary reason for quitting in women. Previous reports showed that about three out of 4 women stop smoking during pregnancy, [25] and cessation is more frequent when expecting the first child. [26] The more evident peaks of cessation in the 2000s most likely reflect an increasing awareness of the negative health impact associated with smoking during pregnancy for both the mother and the foetus, [27] and growing perception of the need to protect children from second-hand smoke exposure. Social stigma towards expecting mothers who smoke can also encourage cessation. [28] The blunted peak observed around the age of 30 among males may also be determined by parenthood, as fathers try to abstain from smoking to be supportive to their partners' attempts to quit during pregnancy, [29, 30] and to avoid their children being exposed to second-hand smoke. [31] After the age of 40, rates of cessation gradually increased in both men and women, maybe indicating a growing concern about smoking-related illnesses with ageing. [32] Age at initiation affects the likelihood to quit Although overall rates of smoking initiation have decreased considerably in Europe during recent decades, initiation in young adolescents (11-15 years) has alarmingly increased. [6] Early initiation is associated with increased risk of smoking-related mortality and morbidity. [33] Males starting smoking before age 15 may have children with an increased risk of respiratory diseases, possibly through epigenetic changes in sperm precursor cells. [34] We found that early age at initiation is associated with lower rates of cessation, in agreement with other studies from North America. [35, 36] Early initiation has been associated with greater risk of relapse after cessation. [37] Younger adolescents develop nicotine addiction after a shorter duration of smoking and a lower number of cigarettes compared to those who take up smoking later. [38] All these findings suggest that tobacco control strategies targeting the youngest should be implemented with the aim of discouraging early smoking, or at least delaying initiation.
Strengths and limitations
The main strengths of our study are the inclusion of large samples of subjects from 17 European countries and a long observation period, allowing the comparison of cessation rates across different regions and their trends during three decades.
A drawback is that this is an observational retrospective study that relies on self-reported information on smoking history, and smoking status was not verified with biochemical methods. However, the agreement between self-reported smoking and cotinine levels is generally good in population studies. [39] Another limitation is the potential telescoping bias, as individuals might be inaccurate in recalling the timing of past events. However, we found that age at smoking initiation was consistently reported up to two decades apart (see https://doi.org/10.1371/journal.pone.0201881. s001 and S3 Table) .
The risk of relapse is the main issue when studying smoking cessation. About half of smokers attempts to quit every year, but less than 10% achieves abstinence for a period of at least 6 months. [40] The first year after a quit attempt is the period at highest risk for relapse. [17] In our study, age at cessation reported in a sub-sample of ex-smokers with follow-up data (ECRHS clinical) increased by two years on average after 20 years, probably indicating smoking relapses. However, we derived age at cessation from the last time point available, and over 90% of quitters had abstained from smoking for at least two years before the interview, suggesting that our findings mainly reflect smoking cessation over an extended period among subjects at a low risk of relapse. Moreover, the main results were confirmed in a sensitivity analysis using a more conservative definition of smoking cessation (having quitted for at least two years; S3 Fig) .
Conclusions
Our findings indicate that smoking cessation rates are increasing throughout Europe, especially for women around the age of 30, suggesting that there is a mounting awareness of the detrimental effects of smoking exposure. Scandinavian countries and the UK have greater cessation rates than the rest of Europe, where the implementation of tobacco control strategies should be intensified. Additional efforts should be made to prevent adolescents taking up smoking, as early initiation could make quitting smoking more challenging during later life. 
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